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e.g., if a conduit had a radius of 500 m and the surface crater
were as postulated above, the inferred depth at which pressure
equilibration would occur would need to be scaled to the place
in the crater where comparable area ratios, A/A*, were ob-
tained. Similarly, if the crater were simply a gradual steep-
walled enlargement of the conduit, as proposed by Hawthorne
(1975) for kimberlite geometries, the pressure equalization dis-
tances would also need to be scaled. In Hawthorne's model of
a kimberlite pipe, the conduit enlarges by a factor of 100 over
the top 2.5 km of its profile. For a fluid with ym in the range
of 1.0 to 1.1, the pressure at the exit plane would be 0.1 percent
of the stagnation pressure (assumed to be the reservoir pressure
in this model that ignores friction). If the initial reservoir pres-
sure were 1 kbar, the jet could become pressure-balanced tra-
versing 2.5 km through this steep-walled geometry. At higher
pressures plausible for kimberlite reservoirs, passage through
a conduit of such a geometry would not (in the absence of
friction) reduce the jet pressure to ambient, and it would exit
as an overpressured jet.

IMPLICATIONS FOR JET STRUCTURE

Pressure-Balanced Jets

Pressure-balanced and overpressured jets have different struc-
tures because of the respective absence and presence of in-
ternal-pressure gradients. Their structures are summarized in
Figures 11.7 and 11.8.

In a pressure-balanced jet under terrestrial conditions, the
flow maintains a direction approximately parallel to the cen-
terline of the conduit in which the fluid accelerates, because
internal pressure gradients that could cause it to expand lat-
erally are dissipated by passage through a small crater (Figure
11.7a). Thus, flow is unidirectional in terrestrial pressure-bal-
anced jets, the initial velocity vector is parallel to the centerline
of the volcanic conduit, and the jets have no internal wave
structures because of pressure gradients. Plinian jets on Earth
(Figure 11. la) are usually pressure balanced because they rise
through long conduits (in which friction helps reduce the pres-
sure toward ambient) and/or shallow surface craters. In the
case of the plinian column on May 18 at Mount St. Helens,
the jet probably rose through a conduit on the order of 3 km
long and through a small crater in the floor of the amphitheater
created by the lateral blast (inferred from the morphology of
the crater floor after cessation of the eruption). If this crater
had been only a few tens of meters deep, it would have been
sufficiently deep to allow decompression to 1-bar pressure.
Such plinian jets rise upward in the atmosphere not because
of internal pressure of the gas but through a combination of
initial momentum combined with increasing buoyancy as air is
entrained into the jet (these are the jets carefully studied and
modeled by Wilson, 1976; Sparks et al, 1978; Wilson et al,
1980; see also Wilson and Head, 1983).

The structure of pressure-balanced jets on lo might be ex-
pected to be quite different from those on Earth, not only
because of the effects of different gravity and atmospheric pres-
sure but also because of the much deeper crater required to

FIGURE 11.7    Schematic drawings of the structure of pressure-
balanced jets on Earth and on lo.

produce a pressure-balanced jet on lo (Figure 11.7). The high
internal pressure (relative to the ambient pressure) that causes
the flow to expand laterally will be maintained through a fairly
large crater traverse, and the flow streamlines will diverge to
become parallel to the crater walls. As the flow traverses the
surface crater, fluid pressures drop from several bars to at-
mospheric pressure. The velocity vectors tend to depart more
from the initial vertical direction imparted by accelerations in
the restricted conduit. Within the crater, flow streamlines will
not be parallel to the centerline of the conduit nor perpendic-
ular to planes across the crater; rather they diverge as the flow
follows the contours of the crater. A rigorous model of the flow
would require two- or three-dimensional flow equations in the
crater. However, to a first approximation the spreading stream-
lines diverge from an apparent spherical center of symmetry
at the bottom of the crater. Surfaces of constant flow properties
are, then, hemispheres rather than planes. Strom and Schnei-
der (1982) showed that the shape and optical characteristics of
the umbrella jet at plume 3, Prometheus, can be well modeled
by using a point-source ballistic model in which particles radiate
with a uniform velocity through angles from 0 (vertical) to 55
(about angle of repose). I suggest that this is because Prome-
theus (Figure 11. Ic) and, by analogy, the umbrella jets are
pressure-balanced jets, in which internal-pressure gradients
,are negligible. After passage through the surface crater, the
gas and the particles coupled to the gas follow simple ballistic
trajectories in the near-vacuum environment of the Ionian sur-
face. These ballistic trajectories are determined as the stream-
lines of the flow diverge to follow the crater walls. From this
analysis it can be inferred that the jet of Prometheus emerges
from a rather deep surface crater (> ~ 1 km). [Note that the
surface crater discussed here is several kilometers in diameter
(see Figure 11.6), which is below the limits of resolution of
Voyager images.]